β-N-Methylamino-L-Alanine Toxicity in PC12: Excitotoxicity vs. Misincorporation.
The implication of β-N-methylamino-L-alanine (BMAA) in the development of neurodegenerative diseases worldwide has led to several investigations of the mechanism, or mechanisms, of toxicity of this cyanobacterially produced amino acid. The primary mechanism of toxicity that was identified is excitotoxicity, with a second possible mechanism, the misincorporation of BMAA into the primary protein structure and consequent cell damage, having been more recently reported. However, studies on excitotoxicity and misincorporation have been conducted independently and there are therefore no data available on the relative contribution of each of these mechanisms to the total toxicity of BMAA. The rat pheochromocytoma cell line PC12 is an ideal model for a study of this type, as glutamate receptor expression is modified by cell differentiation, which can be affected by exposure to nerve growth factor. In this study, the PC12 cell line was evaluated as a model to study BMAA toxicity via the two proposed mechanisms: excitotoxicity and protein misincorporation. BMAA and canavanine treatment of cultures of PC12 were evaluated for depolarization of the mitochondrial membrane. In canavanine-treated cultures, this was evident after 9 days of treatment and was attributed to the primary mechanism of canavanine toxicity, protein misincorporation. However, no membrane depolarization was observed for BMAA-treated cultures even after 21 days of continuous treatment at 500 μM. Short-term exposure to both BMAA and canavanine resulted in a slight increase in necrosis in undifferentiated cells that was prevented in canavanine-treated cultures by co-incubation with arginine, but not in BMAA-treated cultures by co-incubation with serine. A slight increase in apoptosis was observed in undifferentiated cells treated with either BMAA or glutamate, and ROS production increased in glutamate-treated cells. However, the excitotoxicity was less pronounced than reported in previous studies with neuronal cells. In contrast, apoptosis was greatly increased in both BMAA- and glutamate-treated cells after differentiation and resulting mGluR1 increase, indicating that excitotoxicity is the main, if not only, mechanism of toxicity in PC12.